Immunoassays using antibodies that can be polyclonal, monoclonal or recombinant are exquisite analytical techniques, and proved to be one of the most important contributions to medicine and fundamental life science research in the twentieth century. Since monoclonal antibodies (MAbs) are often considered superior to polyclonal antibodies because of their specificity to a single epitope, their homogeneous structure, and their ability to be mass-produced, we chose MAbs to apply to our immunoassay systems. In our ongoing study of the production of MAbs against naturally occurring bioactive compounds, we have raised MAbs against forskolin, 9) solamargine, 10) marijuana compounds, 11) glycyrrhizin, 12) ginsenoside Rb1 13) and Rg1, 14) and have applied them to enzyme-linked immunosorbent assay (ELISA), affinity chromatography and immunostaining. [15] [16] [17] [18] Immunological approaches for the quantitative determination of PF and its metabolite using polyclonal antibodies were established by Yoshizaki 19) and Hattori, 20) respectively. However, since no success with MAbs against PF and Alb has been reported, we herein communicate the preparation of MAbs against PF and Alb, their characterization and the establishment of ELISA.
MATERIALS AND METHODS
Chemicals and Immunochemicals PF and Alb were purchased from Wako Pure Chemical Ind., Ltd. (Osaka, Japan). Bovine serum albumin (BSA) and human serum albumin (HSA) were provided by Sigma Chemical Co. (U.S.A.). Peroxidase-labeled anti-mouse IgG was provided by Organon Teknika Cappel Products (West Chester, PA, U.S.A.). All other chemicals were standard commercial products of analytical grade.
Synthesis of Antigenic Conjugates PF-carrier protein conjugates were synthesized by a modification of the procedure used for solamargine 10) that was based on the method of Erlanger and Beiser. 21) A methanol solution (0.4 ml) of PF (5 mg) was added dropwise to a H 2 O solution (0.6 ml) containing NaIO 4 (5 mg), then stirred at room temperature for 1 h. Carbonate buffer (50 mM, pH 9.6, 1.0 ml) containing BSA or HSA was added to the above reaction mixture. The whole reaction mixture was dialyzed to produce PF conjugate. PF-BSA conjugate (4.8 mg) was used as an immunogen, while PF-HSA conjugate (3.5 mg) was prepared in the same way as that of PF-BSA, and used as a coating antigen for the establishment of ELISA.
Determination of Hapten Number in PF-Carrier Protein Conjugates by Matrix-Assisted Laser Desorption/ Ionization Time of Flight (MALDI-TOF) Mass Spectrometry As an effective method routinely employed in our laboratory, 22) a small amount of (1-10 pmol) hapten-conjugate was mixed with a 1000-fold molar excess aqueous solution of saturated sinapinic acid containing about 30% acetonitrile in 0.15% trifluoroacetic acid. The mixture (0.5-1.0 ml) was deposited on the gold-coated sample plate and air-dried. The mass spectra were acquired using a delayed extraction MALDI-TOF mass spectrometer (model Voyager Elite, PerSeptive Biosystems, Inc., Framingham, MA, U.S.A.) operated in the linear model. The instrument was generally operated at an accelerating voltage of 20 kV and a grid voltage of 90.000% of the accelerating voltage. Flight time was measured by a 500 MHz transient digitizer board in the computer, and the data were analyzed using GRAMS/386 software (Galactic Industries Corp., Salem, NH, U.S.A.).
Immunization, Cell Fusion, and Purification of MAbs BALB/c female mice were initially immunized by an intraperitoneal injection of 50 mg of PF-BSA, which was dissolved in phosphate-buffered saline (0.15 mM NaCl in 10 mM potassium phosphate, pH 7.4; PBS) and emulsified in an equal volume of Freund's complete adjuvant. Two weeks later, a booster injection was performed using the same amount of PF-BSA in Freund's incomplete adjuvant. More double boosts were continued with 100 mg PF-BSA given in the tail-vein at an interval of 2 weeks. After the immune response was confirmed, and serum antibodies titer and specificity were optimal, the splenocytes of immunized mouse were isolated and fused with a logarithmically growing hypoxanthine-aminopterin-thymidine (HAT)-sensitive mouse myeloma cell line, P3-X63-Ag8-653, by the polyethylene glycol (PEG) method. 23) Hybridomas producing MAbs reactive to PF were cloned by the limited dilution method. Established hybridomas were cultured in enriched RPMI1640-Dulbecco's-Ham's F12 (eRDF) medium supplemented with 10 mg/ml of insulin, 35 mg/ml of transferrin, 20 mM of ethanolamine and 25 nM of selenium (ITES).
Individual MAb was purified using a protein G FF column (0.46ϫ11 cm, Pharmacia Biotech, Uppsala, Sweden). The culture medium (200 ml) containing the IgG was adjusted to pH 7 with 1 M Tris solution and loaded onto the column. After washing the column with 20 mM phosphate buffer (pH 7), the adsorbed IgG was eluted with 100 mM of citrate buffer (pH 3). The eluted IgG was neutralized with 1 M Tris solution, then dialyzed against 5 changes of H 2 O, and finally lyophilized.
Analytical Procedure The reactivities of MAbs against PF-HSA were determined by a direct ELISA. A 100 ml portion of PF-HSA (1 mg/ml in 50 mM carbonate buffer) was allowed to adsorb onto the wells of a 96-well immunoplate (NUNC Roskilde, Denmark). The plate was treated with 300 ml of PBS containing 5% skimmed milk (SPBS) for 1 h to reduce nonspecific adsorption, washed three times with PBS containing 0.05% Tween-20 (TPBS), and reacted with 100 ml of MAb for 1 h. The plate was washed three times with TPBS, then the MAb was combined with 100 ml of 1 : 1000 dilution of peroxidase-labeled anti-mouse IgG for 1 h. After washing the plate three times with TPBS, then 100 ml of substrate solution, 100 mM citrate buffer (pH 4.0) containing 0.003% H 2 O 2 , and 0.3 mg/ml of 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) (Wako, Osaka, Japan) was added to each well, and the plates were incubated for 15 min. The absorbance at 405 nm was measured using a microplate reader (model 450 microplate reader BIO-RAD Laboratories, CA). All reactions were carried out at 37°C.
Competitive ELISA, PF-HSA (100 ml, 1 mg/ml) was adsorbed onto the wells of a 96-well immunoplate and then treated with 300 ml SPBS for 1 h to reduce nonspecific absorption. A 50 ml portion of various concentrations of PF dissolved in 10% of methanol was incubated with 50 ml of MAb solution for 1 h. The plate was incubated with 100 ml of a 1000-fold diluted solution of peroxidase-labeled anti-mouse IgG for 1 h. After washing the plate three times with TPBS, 100 ml of the substrate solution was added to each well, followed by incubation for 20 min. The absorbance at 405 nm was measured using a microplate reader.
The cross-reactivities of PF and related compounds were determined according to Weiler and Zenk's equation. 24) Extraction of Various Peony Roots Samples Dried samples (5 mg) of various peony roots were powdered, then extracted with methanol (5 ml) under sonication 5 times, filtered, and the combined extracts were diluted with 10% methanol suitably for ELISA and HPLC.
Determination of PF and Alb Concentrations by HPLC Analytical HPLC was performed on a pump (Shimadzu LC-10AD) equipped with a UV detector (230 nm, Shimadzu SPD-10A vp). Cosmosil column 5C18-AR-III (4.6ϫ150 mm, code No. 34246-21) was used. Phosphate buffer (pH 7.0) containing 66 mM Na 2 HPO 4 and KH 2 PO 4 was used as mobile phase (flow rate 1.0 ml/min).
RESULTS AND DISCUSSION

Direct Determination of Hapten-Carrier Protein Conjugate by MALDI-TOF Mass Spectrometry
In order to prepare an immunogen, the glucose moiety of PF was oxidized with NaIO 4 and conjugated with a free amine in BSA by the formation of a Schiff base to obtain PF-BSA conjugate (Fig. 2 ). Fig. 3 shows the MALDI-TOF mass spectrum of the PF-BSA conjugate. A broad peak coinciding with the PF-BSA conjugate appeared around m/z 69327. Using a molecular weight of 66433 for BSA, the calculated value of the PF component (MW 480) is 2894, indicating at least 6 molecules of PF conjugated with the BSA. The number of PF moieties contained in the PF-HSA conjugate was determined, by its spectrum, to be approximately 8 molecules.
Production and Characteristics of MAbs against PF The hyper-immunized BALB/c mice used to derive the cell clones described in this paper yielded splenocytes that were fused with P3-X63-Ag-653 myeloma cells by the general fusion protocols using PEG. 23) Four hybridromas producing MAbs reactive to PF were obtained. All of the MAbs were classified as IgG1 that had l light chains.
The reactivity of IgG type MAbs was tested by direct ELISA using various concentrations. Figure 4 showed that all the MAbs have high reactivity to PF-HSA.
Assay Specificity and Assay Sensitivity The MAbs have cross-reactivities to PA, Alb, OP and BP with different affinities, as shown in Table 1 . Although the configuration around the C3-position is completely different between PF and Alb ( Fig. 1) , they cross-reacted to MAbC31B9. From this, it becomes evident that pinane skeleton C7-methyl benzoate and C6-O-b-D-glucose groups might be necessary as antibody binding sites. The undetectable reactivities of the MAbs to benzoic acid and other monoterpenes also supported that the pinane type skeleton is needed for the reactivity of MAb. Moreover, all the MAbs showed higher reactivity to PF and Alb, which are major constituents in peony root, than to those of OP and BP, which are the minor constituents, indicating that such characteristics might be an advantage for the determination of PF and Alb concentrations using ELISA in a natural resource. Here we chose the MAbC31B9, having higher reactivity to both PF and Alb compared to the other MAbs, A53E3, B21H11 and C62G6, as indicated in Table 1 , and we applied them to competitive ELISA. A competitive binding assay was established as the MAb binds either free haptens or hapten-HSA conjugate adsorbed onto a polystyrene microtiter plate. Under these conditions, the full linear range of the assay was extended from 20 to 600 ng/ml, as indicated in Fig. 5 . Assay Accuracy and Assay Variation As we apply the calibration cure obtained using PF as a standard compound to determine the total concentration of PF and Alb in the sample, the recovery of the PF and Alb in different ratios using the same calibration curve should be estimated. The recovery was calculated by dividing the mean of all the obtained results using different ratios of PF and Alb by the concentration of added analyte (here we used 0.6 mg/ml), then multiplying by 100. The data (not shown) ranged from 96.5 to 105%.
Reproducibility and repeatability are important criteria for an immunoassay. Standard curves for the competitive ELISA of PF from five consecutive days were compared, and the variations were calculated (Fig. 4) . The variations of repeatability between replicates from well-to-well (intra-assay), and reproducibility from plate-to-plate (inter-assay) were measured (Table 2 ). It became evident that intra-assay variations are lower than those of inter-assay. Although many factors such as coating step, plate wells and multi-channel pipettor, edge effects due to evaporation, uneven temperature during incubation, and day-to-day variation in the preparation of reagents affected variations, they might be reduced when a The cross reactivities were determined according to Weiler's equation. 24) new standard is prepared each time. Recovery of PF by Competitive ELISA in Spiked Samples Various amounts of PF were added to dry powdered Paeoniae Radix (5 mg). For each level, three samples were analyzed. The spiked root powder was extracted five times, and the amount of PF in the extracts was determined by the competitive ELISA. Recoveries of the PF spikes ranged from 98.5% to 103.5%, with an average of 101.8% (Table 3) .
Correlation of the Total Concentration of PF and Alb in Peony Root Samples Measured by ELISA and HPLC For quantitative analysis of the total concentration of PF and Alb, competitive ELISA employing MAbC31B9, and an analytical HPLC method were performed. Various peony root samples showed individual concentrations and most of them are more than 2%, which is requested by the Japanese Pharmacopoeia (the 14th edition) 8) ( Table 5 ). The concentration of PF or Alb in the samples was very variable, and depended not only on the cultivation locations, but also on the processing. Two samples produced in Sichuan, possessing a cortex, had the highest Alb concentrations, while another sample from Neimeng, having a cortex, had the highest concentration of PF. The ratio of PF and Alb is also very variable among the samples, and indicated no correlation with them in samples. The detection limits, defined as the absorbance a) The measured values were meanϮS.D. for five plates and three replicate wells for each concentration within one plate from five consecutive days. The variations on replicates from well to well and plate to plate are defined as intra-assay variation and interassay variation, respectively. units full scale (AUFS) (0.64) were found to be 20 ng for PF and Alb, suggesting that the competitive ELISA is 100 times more sensitive than the HPLC method under our conditions. Moreover, the total concentration of PF and Alb determined by ELISA agreed well with those determined by HPLC (Table 5 ). The least-squares fit had a coefficient of determination (r 2 ) of 0.996.
Determination of the Total Concentration of PF and Alb in Various Chinese traditional Herbal Medicines
After set up assay validation and optimization, we successfully determined the total concentration of PF and Alb in the various Paeoniae Radix samples by the competitive ELISA. Since the ELISA method is relatively quick, convenient and economic compared to HPLC, we applied it to determine the total concentration of PF and Alb in various Chinese traditional medicines. We determined the total concentration of PF and Alb in 15 prescriptions which varied in the composition ratios of Paeoniae Radix and many other crude drugs without pre-treatment (Table 4 ). PF and Alb were not detectable in two prescriptions of hange-shashin-to and bakumondo-to which contained no Paeoniae Radix. This is the first development of an ELISA to deterimine the total PF and Alb in crude drug and/or prescription samples simultaneously. It is well known that PF and Alb are major pharmacologically active principles 4, 5) and major components in peony roots.
2) Therefore, an ELISA for the total concentration of PF and Alb established in this paper makes it possible to apply quality control and standardization of pharmacological activity of a crude drug and its prescription.
